There has been a limited study [1][2][3] of Mn(II) in water-alcohol mixtures by ESR. In each case MnCl2 was used as the source of Mn(II) ion which is subject to error for solvent interaction studies due to the formation of chloro complexes which cause line broadening 4 . With increasing alcohol content, there is a reduction in the intensity and an increase in linewidth of the Mn(II) signal. These results were interpreted as being due to a change in the primary solvation sphere of the Mn(II) ion as the composition of the bulk solvent changed. YORDANOV 3 also considered some influence of the Cl e competing with alcohol molecules for coordination sites.
There has been a limited study [1] [2] [3] of Mn(II) in water-alcohol mixtures by ESR. In each case MnCl2 was used as the source of Mn(II) ion which is subject to error for solvent interaction studies due to the formation of chloro complexes which cause line broadening 4 . With increasing alcohol content, there is a reduction in the intensity and an increase in linewidth of the Mn(II) signal. These results were interpreted as being due to a change in the primary solvation sphere of the Mn(II) ion as the composition of the bulk solvent changed. YORDANOV 3 also considered some influence of the Cl e competing with alcohol molecules for coordination sites.
The influence of solvent dielectric constant on ion-pair association is well known 5 , and the formation of Mn (II)-chloro complexes has been de-monstrated both in aqueous solution 6 > 7 when the dielectric constant is lowered by increasing the temperature, and in several non-aqueous solvents of relatively low dielectric constant [8] [9] [10] including methanol. Although the solvent dielectric constant per se does not determine the extent of ion association, the nature of the solvent also being important, evidence has been presented illustrating that the relationship between ESR signal intensity and linewidth for Mn(II) and extent of ion association is valid because of the ability of the complexing anion to alter the symmetry of the hexa-aquo Mn(II) ion 9 . In the present paper a distinction is made between the effects of solvent composition, and ion association as a function of solvent dielectric constant on the ESR spectrum of Mn(II) in watermethanol mixtures. 
Experimental
Materials: Mn(C104)2-6 H20 and MnS04-H20 were purchased from G. F. Smith Chemical Company and dried under vacuum over P205 before use. Anhydrous MnCl2 was purchased from K and K Laboratories. Anhydrous Na2S04 was purchased from the Mallinckrodt Chemical Works, and spectroquality reagent methanol from Matheson, Coleman and Bell was used as received.
Apparatus: A Varian V 4500 100-Kc ESR spectrometer operating in the X-band region near 9.5 KMc was used. The magnetic field sweep was calibrated using a Harvey-Wells proton resonance probe and frequency counter.
Experimental Procedure: Stock solutions of Mn(C104)2-6H20, MnS04-H20, MnCl2 and Na2S04 in water and Mn(C104)2-6 H20 and MnCl2 in methanol were prepared in the usual manner. All watermethanol solutions were prepared by weight as follows. A constant aliquot of the aqueous Mn(II) salt to be studied was added to the desired weight of methanol in a volumetric flask, diluted to the mark with water and weighed. The resulting solutions were 0.01 M in Mn (II). For solutions containing sulfate, the desired aliquot of the Na2S04 solution was added prior to the final dilution. Ordinary melting point capillary tubing was used as sample containers. The spectra were recorded as the first derivative of the absorption curve, and the peak height for each of the six peaks was taken to be the vertical distance between the maximum and the minimum amplitudes of the derivative. The linewidth of the M\ = -f transition was taken as the peak to peak separation of the derivative.
Results
Since linewidth varied with solvent composition, intensity was measured as the summation of the peak height times linewidth squared for each of the six hyperfine lines. Fig. 1 is a plot of the intensity, o 6 in arbitrary units, versus mole fraction methanol for Mn(C104)2, MnCl2, and MnS04. All of these solutions were 0.01m Mn(II) and contained no other salts.
From this plot it can be seen that Mn(C104)2 and MnCl2 are very similar if not identical up to a mole fraction of 0.8 but after this the intensity of MnCU is considerably less than for Mn(C104)2. Between 0.4 and 0.8 mole fraction there appears to be a difference between the MnCl2 and Mn(C104)2 intensities but since the technique is subject to errors of the order of 10 -20% this may not be real. However, since the plotted points are averages of several measurements the trends should be significant. Since the shape of the curves for these two salts are almost identical, the lower intensity for MnCl2 is probably due to the formation of MnCl®.
The intensity plot of the MnS04 has a different shape from the other two and also is considerably lower. This difference is due to the formation of MnS04 and a different solvent-solute interaction.
If it is assumed that the change in intensity for Mn(II) is only due to solvent effects for Mn(C104)2, the other two salts can be corrected for the solvent effect by plotting relative intensity. Here the relative intensity must be relative to the intensity of Mn (C104) 2 in each solvent mixture, i. e. of outer-sphere complex formation. The decrease of intensity is indicative of inner-sphere complexing since this type of complex does not contribute to the ESR signal provided that the symmetry of the complex is strongly distorted. Above a methanol mole fraction of 0.5, MnCl® is formed in increasing amounts but up to this point the Mn(II) is either present as Mn 20 or the outer-sphere complex with their appropriate solvation.
DOHRMANN 11 has reported that MnCl2 and Mn(C104)2 can be used as primary standards for spin concentration in methanol-water media. His conclusion is based on a methanol-water mixture of equal weight which is a methanol mole fraction of 0.36, and for measurements in this region of solvent composition his conclusion is apparently valid. However, above a methanol mole fraction of 0.5, MnClo should not be used as a primary standard. The linewidth for MnS04 is broader in all solvent mixtures including water. This linewidth continues to broaden with increase in methanol mole fraction and does not reach a maximum. The formation and equilibrium for the outer-sphere Mn,S04 complex is the cause of this line broadening.
For all the solutions g = 2.00 and the hyperfine coupling constant, A, was 96+1 gauss which is what one would expect for a oxygen coordinating ligand and octahedral coordination.
Discussion
The interactions of Mn 20 and the anions to form outer-sphere and inner-sphere complexes can be described by the following equilibrium: Mn 20 + A n0 ^ Mn 20 (sol) (sol) A w0 ^ Mn 20 (sol) A« e tl
MnA( 2 -")
where A N0 is some anion. This system has been well studied in water by EIGEN 12 and ATKINSON 13 for MnS04 . ESR will not distinguish between the two ion pairs that are separated by solvent molecules so the following equilibrium is more appropriate :
Mn 20 +A" e^ Mn 20 , A w0^M nA( 2-n ) where [] indicates activity rather than concentration.
Inner-sphere complexes of Mn 2 ® lacking cubic symmetry have line broadening that is sufficiently large to cause the ESR spectra to go undetected 8 ' 9 . This line broadening is a result of molecular tumbling modulating the zero field splitting interaction. Under these conditions the concentration of this inner-sphere complex can be calculated from the decrease in intensity. The mole fraction of outersphere complex can be calculated from the modified Bloch equation 14 .
1/T2=
(1-X)/T2a + X/T2b (4) w r here T2 is the observed transverse relaxation time, T2a and T*b are the relaxation times for the free ion and the outer-sphere complex respectively, and 
AHpp
where X is P1 a n c k's constant, g is the spectroscopic splitting factor, ß is the Bohr magneton and AH pp is the peak to peak linewidth. Where X^l,T2b can be calculated from the limiting form of equation (4) 1 /T2^X/T2b.
(6 a)
An overall equilibrium constant can be calculated for the complex formation by the following equa- 
Chloride
The chloride does not appear to form an outersphere complex with Mn 2 ® since there is no line broadening with added chloride except at higher temperatures 6 .Therefore, for chloride only the overall equilibrium would be important: Table I is a tabulation of equilirium constants calculated from equation (9) using the decrease in intensity to calculate (MnCl®) and equation (8) calculation activity coefficients. It was assumed that a = 4Ä and6 = 0.1 for these calculations. The A^ci for methanol agrees well with one calculated from LEVANON and Luz 9 . SILLEN 15 reports a KcjSil, which agrees well with our value of 1.6. A plot of log£ci versus l/D is a linear plot with only the w r ater and methanol points being significantly off the line.
Sulfate
Studies of S04 2 ® interactions with Mn 2 ® were complicated by solubility in higher methanol mixtures. Only where the mole fraction methanol was below 0.43 was it possible to add a large excess of S04 2 ®. At a methanol mole fraction of 0.26, a plot of excess linewidth versus initial sulfate concentration resulted in an inflection point at 1 : 1 ratio of initial sulfate and manganese. This would be expected if a 1 : 1 complex were formed since excess linewidth can be expressed as follws 6 : In water and methanol-water solutions with less than a methanol mole fraction of 0.26 there is no sharp inflection point but there is a nonlinear increase in AHex with [SO4 20 ]o. This nonlinearity would indicate that Kab is not large.
In Table II are presented relaxation time and equilibrium constants for the manganese sulfate solutions. The values were calculated from equation (6) and they agree with literature values for water and methanol. The values were estimated from equation (6 a) using the linewidth for the highest sulfate ratio which for higher alcohol mixtures was a 1 : 1 ratio. Values of were also calculated from slopes of excess linewidth versus [SO4 2G ]0 plots using equation (11).
Equilibrium constants were calculated by determining (Mn 2 ®), (Mn, S04), and (MnS04) from equations (4) and (5) and the decrease in intensity. Activity coefficients were calculated using equation (8) with values for a = 4..0Ä and 6 = 0.1. The following equations were used for the equilibrium constants: Fig. 4 is a plot of the log excess linewidth for MnS04 versus l/D where D is the dielectric constant. This yields a typical plot that one might expect for the equilibrium constant as a function of dielectric constant. AZ/ex is related to Kaf, by equation (10) and if all terms except AHex and Kab are approximately constant then log AHex can be used to show how Kab changes with dielectric constant.
Darstellung von Schwermetallsulfiden durch Fällung aus organischen Lösungsmitteln.
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